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25X1 — — - : Juné 20, 1969

11 ithin the guidelinces
T tnec dovelopment obicctives. The use of the

cern "development objectives' should be defined
o mean that the speciiications-to which that

25X1 il

erm relates are not firm requirements of the
contract i cations which | |

: ¢t but are specis:
25X1 | Mil; attempt to achieve. Any fallure on

25X1 | | part to achieve those specifi-

Cations will not constitute grounds for either
rejection of the item or default under the
contract :

T nowe this information will be of assistance to you. Ii

vou have any further questions, please contact the writer
directly. ‘

New Programl PIEGnning

Photogrammetric & Military Systems

25X1
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25X1

June 4, 1969
25X1

Subject: Advanced Stereo Rhomboid
25X1 Reference: Contract]| *
25X1 ' :

Gentlemen:

The proposed options for additional work on the Advanced
Stereo Rhomboid have been evaluated in an attempt to relate
'probabilities of success' factors. For the purpose of this
effort, "success' is defined as satisfying the explicit and
implied intent of the current development objectives. It

is difficult to define all of the parameters necessary for:
fsuccess' as some aspects are quite subjective. I do

~ believe, however, that our interpretations of the require-

ments, at this time, are in agreement.

On this basis, we are assigning an 80% probability of
success to Option "A". If a redesign of the objectives 1s
undertaken in Option B-1, there is a 50/50% probability of
improving the calculated performance. If, based on success
in Option B-1, it is decided to proceed with Option B-Z,
the overall probability is increased from 80% to 85%-90%.

As discussed in our telephone conversation on June 2, the
distinction between Options B-1 and B-2 is solely in the
fabrication costs of objectives to a new design.

Option A covers all of the effort defined (including fabri-
cation of objectives to the existing design).

Group .1 o B
ude. from aulomatic 2 N
cownprading -Approved For Release 2003/04/17 : CIA-RDP78805%\7- Y50 ¥0D060047-5
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25X1

June 4, 1969

25X1

Option B-1 includes all of Option A, plus redesign of the
objectives. However, the costs submitted assume only
limited success with the optical redesign and therefore
would not recommend proceeding with Option B-2. Under
these conditions, Option A (including fabrication of ob-
jectives to the current design) would be completed.

Option B-2 includes all of Option B-1 (excluding the
fabrication of objectives to the current design). The
costs submitted for Option B-2 assumes success in optical
redesign and therefore provides for fabrication of the re-
designed objectives. ‘ '

If you have any further questions on this project, please
contact the writer directly.

Photogrammetric & Military Systems

Growp 1
e pom automatic o
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25X1
May 28, 1969

25X1 ATTENTION:
SUBJECT : Advanced Stereo Rhomboid

25X1 REFERENCE: Contract
Enclosed, please find three(3) copies of] lPro-
posal #7-114BC for Modification of Advan boid.
Cost data, submitted with my letter of May 23, applies to
the options listed in this proposal.
The schedule for Alternate "A" is estimated at four(4)
months after receipt of your authorization to proceed. The
Optical Design Effort described in Option "B" is scheduled
for completion and submittal of a design report within 30
days. The balance of the effort in Option "B" is estimated
at four(4) months after your review and authorization to
proceed. This four(4) month schedule for completion of Option
"B" applies for manufacture of objectives to either the exist-
ing design or to a new design. ~
If you have any‘questions concerning this proposal, please
contact the writer directly. '
Yburs very truly,

25X1
Program AQministratoy
Pnotogrammetric & Military Systems
GJJ:enm (

25X1 ce| |

25X1 Enc. Proposal] [7-1148C

Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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Proposal to Modify
The Prototype

ADVANCED STEREO RHOMBOID

Contract Number 25X1

Prepared by:

25X1

‘May 1969
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INTRODUCTION

has designed and manufactured

to upgrade the instrument to meet the intent of the

a prototype Advanced Stereo Rhomboid on U. S. Government

Contract Number This prototype has
been. assembled and several iterations of alignment have %

been performed. The instrument in its present form doecs

J—

not fully meet the intent of themoriginal specifications.

e

It has therefore been concluded that some redcsigh and

parts remanufacture is necessary before an acceptable

L

instrument will be available for evaluation.

V1 emmm—

This proposal contains an analysis of defects in the present

instrument, and describes a series of changes necessary

—

original specifications. To perform the required changes

additional funds and an extension of delivery are requestéd.

Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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SUMMARY OF PROJECT

History
Phase T of this project, Optical and Mechanical Design,

began on 20 November 1967 and was concluded with the

| .
ldelivery of a Phase I report on 19 July 1968. A prime

)

factor in the design of this instrument was to provide
the ability to manufacture the unit economically in

production quantities. Consequently, the design was

' conceived with this as an important parameter. The

prototype was manufactured with the intent that it would

be representative of production instruments.

Phase II, Prototype manufacture, started on 16 August 1968
with a scheduled delivery of 15 March 1969, All mechanical
parts. and optics were available in January 1969 and the

instrument was assembled. The instrument was aligned,

following the alignment procedure, during‘February 1969

and féund to be unsatisfactory. The'désired resolution

goal at the high portion of the Zoom range was not achieved
and excessive flare around the bars on a negative resolution
target was évident. Effort expended during March and

April 1969 to improve the above deficiencies met with

only parfial_success. However, this effort did identify

the areas where redesign and remanufacture are necessary.

) ‘Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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2.2 - Present Status
The prototype instrument is assembled complete with 2X

objectives and was examined by the customer on May 8, 1969,

In its present form the prototype instrument is aligned

i
H

jto a compromise solution, The image runout and phoria
f

are not quite satisfactory. One 2X lens |

is significantly_better and will resolve 456 lines/mm

(the block of a sixth-root-of-two resolution target nearest

i

| the design goal of 480 lines/mm resolution) when installed

on the right side of the instrument., The other lens

is improved with respect to flare,

but will not resolve the 456 lines/mm block.

The 1X and 3X objectives are not assembled at this time
as . non—-conformance curves on the 1eﬁses were discovered
in each of the objectives., As of May 7, 1969 all work on

the project has stopped.

Work that would normally be completed, include evaluation
and testing, preparation of a reference manual and a
final report, final cleaning and other preparations of

the instrument for delivery, had not been performed,

‘ Approved For Release 2003/04/17 : CI_A;RDP78805171A000800060047-5

e

T

S
N
8]
N

ey g

e



3.0

3.1

3.1.1

3.1.2
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SYSTEM ANALYSIS

Section 3.0.contains a description of the problems encountéred
during the alignmént of the prototype Advanced Stereo

Rhomboid and the effect on the instrument performance.

The rework reduired to corregt these problems is described

in Section 4.0. See Pigurc 1 for location of optical components.
Optical Switch’

A beam divider_is required in the optical switch to pérmit
mono-viewing. The beam divider coating on the present
optical switch prisms acts as a dichroic coating. That
is, the spectral distribution of the reflected and trans-
ﬁitted beam are mot identical. The ref;ected beam is
yellowish and the transmitted beam is bluish. The result
is‘;hat different color is evident in each eyepiece during
mono-viewing. In normal production, coatings of this nature
are rejected,.'However, with the prototype Advanced Stereo
Rhomboid, only one set of prisms were manufactured which
did not permit the normal rejection procedure to be

followed.

The optical switch prism, for manufacturing convenience,
was coated with the stereo-viewing reflecting surface on one
prism and the mono-viewing beam divider on another prism.

When the prisms were cemented together, the two coatings

‘were not coplanar; due to wedge in the cement layer. This

results in image jump when switching from mono to stereo.

‘Approved For Release 2003/04/17 : CIA-RDP78805171A000800060(_)47-5
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The image jump described above results in phoria and image
runout (when rotating ¢he image rotation prism) in two of
the switch_positions.when the instrument is aligned to the
thifd position. A compromise alignment was made with the
phoria minimized in sterco position. The resulting cow~

pronise was not optimum for image quality in any position.

bptical gwitch Mounting

In the ?resent system the optical switch wasrpre—aligned
in a fixture and cemented in its slide mount prior to
assembly in?b the main body. However, it became apparent
during alignment, that adjustment of this assembled unit
to eliminate normal manufacturing tolerances in the main
body casting,was not possible because of interaction

between twWo mono—positions of the switch. It is now

apparent that each half of the switch has to be independently

aligned while assembled in the main casting to eliminate

this interaction.

Collimating Lens Assembly

Due to the minimum available spacée, the Adyanced Stereo
Rhomboid was designed with the collimating 1en§ assembled‘
directly into a bore in the main body casting. 1t was

designed so that close manufacturing tolerances would

"make this-lens perform satisfactorily.

A 03/0 : ‘
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During alignment, it was found ;hat the system image quality
was improvcd‘when the prisms on either side of the collima-
ting lens were more ciosely aligned with the cstablished
optical axis of the collimating lens, If the lens were in.
a separate mount, its optical'axis would be pre-defined

and consequently rotating the cell in asscmbly would permit
nore alignment freedom., "Also, with thé collimating lens

mounted directly into the main body casting, the ability to

pre—test and align the unit is severely limited.

Rhomboid Arm Axis Intersection

The manufacturing.tolerande for the intersection of the
axes of the bores in the rhomboid arms is to be within
-.002 inch, Thé left and right arms were inspected and
found to be out of.interséction by .018 inch and .008 inCH
respectively. - Tﬁe left arm was rebored to be within the

,002 inch tolerance (after the initial assembly and align-

“ment). There was no immediate evidence of effect on image

quality. However, when the rest of the system is upgraded,
the remaining error in the right arm will be significant,

and should, therefore, be corrected.

Objective Mirror Adjustment
The mirror position in the objective lenses is determined

by an accurately machined locating surface for ease of

Abproved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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production manufacturing. However, with the sensgitivity
to centration that has been exhibited by the objectives,
the image quality can be improved by tuning these mirrors.

Objective Lenses
i :

| Two problems common to the 1X, 2X and 3X objective lenses

were exhibited, These are sensitivity to centration and flare

visible around the bars on a negative resolution target.

The centration of the individual elements can be improved

By Boring'the iens mount to the exact diameter of the lens
elements in assembly. This technique is used when necessary

~on production high quality lenses with much success,

The flare visible around the bars on a negative resolution
target is due to spherical‘aberraﬁion. In a lens of thig
type, (known as the "Double Gauss"), the major contributors
to spherical aberration are the thicknesses of the two
~centrally located éemented doublets., Variations in the
central air space produce minor effects. The thicknesses
bf'the.two doublets can be controlled in prpduction by
matching various elements (to a predetermined chart). This
procedure could not be followed on the prototype because
only two sets of elements were available. This seﬁsitivity
- is not élways possible to predict, however once the necessity

has been established (as in this case) the procedure becomes

'.Approved For Release 2003/04/17 : CIA;RDP78805171A000800060047-5
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3.6.1

ApprO\@;For Release 2003/04/17 : CIA-RDP7HS171A000800060047-5

relatively straightforward in production. Tor example,

|produces twvo series of professional motion

picture lenses (approximately 15 different lenses) the
Balta:s'and the Super Baltars. These are also of the
"Double Gausé" type of lens. Only after actual assembly
and . testing of prototypes’could it be known which focal
length lenses would require matching and which could be

assembled randomly., It is evident at this time, however,

that these doublets in the Advanced Stereo Rhomboid objective

must be selected and matched in asscmbly.

1X Objective

The initial tests on these lenses showed the focal lengths
of the assembled lenses to be within 0,35% of nominal
(normal tolerances are 1.0%). When tested the lenses
resolved considerably less than 228»1ines/mm. (The design
goal is 240 lines/mm. The nearest block-qn a sixth-root-
of-two resolution target is 228 lines/mm,) Efforts té‘
improve the resolution by rotating elements and varying
the central air space met with only limited success. A
more detailed examination of the components determined
that a buried leﬁs surface (within a cemented doublet)

was ouﬁside of the manufacturing tolerance. A replacement
has been ordered, however the order was cancelled pending

decisions based on this proposal.

Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5

a9

B e AR B

| e g e e

[y

[T

Yy 1

T




3.6.2

3.6.3
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2X Objective
The initial tests on these lenses showed the focal lengths
to be within 0.20% of nominal. Initially the lenses would

not resolve 456 lines/mm (design goal 480 lines/mm).

After rotating elements, only one of the 2X objective

lenses would resolve 456 lines/mm. Also, by varying the

central air space the flare was reduced to an acceptable
level. Boring to fit and rotating the elements should

upgrade the second objective to an acceptable level.

3X Objectivé

The initial tests'on these lenses showed the focal length

to be within 1.0% of nominal. When tested; the lens resolved

considerably less than 575 lines/mm (design goal 600 lines/mm).

Excessive flare around the bars on a megative resolution
target wasialso viéiblef Rotatinglelements and varying
‘the central aif'spacé proauced a limited effect. Detailed
examination of the objective found an'element manufactured
out of tolerance, Replacement eiements wefevérdered but

have since been stopped subject to the outcome of this

report.

~ Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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PROPOSLED CIIANGES
The following changes are recommended to make the prototype
instrument satisfactory for evaluation. They are bascd on

experience gained while working on the prototype since the

ibeginning of February 1969,

 Remake the Optical Switch

A new optical switch prism cluster will be manufactured

with the following changes. It will be made with closer

tolerances on the allowable amount and type of color. The

mono-viewing beam divider coating and the stereco-viewing

reflection coating will be located on.the same surface which
will eliminate image jump .when switching from stereo to mono

viewing.

Switch Mounting
Redesign of the switch mounting will allow the switch prisms

to be independently adjusted while assembled in the instrument.

Mechanically, the changes will consist of relocating the

switch way rods, redesigning the carriage to provide an X,

'Y, Z and © adjustment of the prism mounts independently and

adding a cover plate to the bottom of the housing. The
proposed prism‘adjﬁstment will consist of a compound deflec-
tion mount shown in Figure 2. The primary advantages of

the deflection mount :are inherent stiffness, capability of

" Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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‘adjustment on independent axes; and lateral stability

superior to a normal push-pull mechanism,

Remount Collimating Lens

The collimating lenses will be mounted into a separate cell

to provide a pre-test capability and greater alignment
flexibiliﬁy; Mechanically, the change can be implemented

by boring the present lenslmount to a larger diametecr and
mounting the collimating 1ensés into a separate thin walled
barrel of rather_conventional design., The entire cell can
Fhen be assémbléd_into the instrument, adjusted rotationally
and axially_and then locked in place with a set screw arrange-

ment.

Rebore Arm

One thomboid arm will be bored to correct the non-intersection

of the arm axes. The work will consist of reboring the arms

to a larger diameter, inserting sleeves and then remachining

the arms using revised fixtures and gaging techniques.

Rémount Objective Mirror

Thelmirror in the 2X and 3X objective lenses will be made
adjustable by locating'it égainst adjusting screws instead

of fixed pads. The mirror would then be adjusted and cemented

to the pads during final asscmbly.

- ‘Approved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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4.6.2
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Objective Lenses (No Optical Redesign)

In the Statement of Work there are two options, with and

- without optical redesign. If the optical redesign alternate

is accepted, all the objective elements will have to be

#emade. This will be described in Section 4.7. If there

" is no optical redesign, only some of the lens elements

and mounts will be remade, as described here.

Remake Doublet Lenses

One cemented doublét in each 1X and one cemented doublet

in each 3X objective lens has been found to be out of the
manufacturing tolerance. However, because of the necessity
for matching doublet thicknesses, one doublet for each
objective lens, (including the 2X), will be remade., By
careful hand poliéhing, and checking, it will be possible

to match the existing doublets in the present lens assémblies

for maximum aberration correction.

Remzke Lens Cells

Although the present lens cells are made to precision manu-

facturing tolerances, it is now evident that the centering

of the lenses must be improved to obtain optimum image quality.>

This will be accomplished by remaking the objective lens
cells so that lens bores are sized to match each individual

lens diameter., This "bore-to-fit" technique will assure the

best attainable alignment of the elements. within the mechanical

cell,

‘ Approved For Release 2003/04/17 : QIA-RDP78805171A00080006004775
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Objective Lens (Optical Redesign)

The design data for the objective lenses indicates a small
amount of residual aberrations. Recent advances in optical
design techniques have produced methods of minimiziﬁg the
%esidual aberrations, Visﬁally the effect would be to
érodute a "cleaner" appearing image and make the bars on

a positive resolution target blacker. If the second option
in the Section 5 is accepted, the objective lenses on the
Advanced Sterco Rhomboid will be redesigned using this new
technique. As_soon as the design is completed to the point
where theveffect on image quality can be predicted, the
design will be reviewed., A decision will then be made as
to whether or not to incorporate the redesign into the

Advanced Stereo Rhomboid Prototype.

"Optical Redesign

The proposed redesign may result in adding elements in the

large central air space. However, the entire lens design

will have to be optimized, therefore, all the other elements

will probably change (i.e. radii, thickness, etc.). The

~design effort will be biased where possible to keep the

" pumber of elements that have to be changed to a minimum.

£.7.2

Manufacture Objectives

These new elements will be manufactured to close tolerances

using the experience for matching gained on the previous prototype.

Ap.proved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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5.0 STATIMENT OF WORK
TFollowing arc statements of work for two options. The

numbers in parenthesis after each item refers to the

paragraph in the proposal | [which describes 25)(1
/the changes to the original prototype Advanced Stereo i

!Rhomboid.

5.1 Alternate A (Yo Optical Redesign)

Upon receipt of authorization to spend-additional time

25X1 . and fundsl will:

R e pp—

a. Manufacture a pair of optical switch prisms (4.1).

b. Redesign the main body casting to include adjustment

of the optical switch (4.2).

c. Redesign collimating lens assembly (4.3).

d. Remake and meodify parts etc. to incorporate items

b and ¢ in the main body casting.

e. ~ Rebore arm to correct Rhomboid Arm axes intersection

ervor (4.4).

£, Redesign and modify the objective arms to include

mirror adjustment (&.5).

g.  Manufacture doublet lenses for 1X, 2X and 3X objective

“Jenses (4.6.1).

a App'rbved For Release 2003/04/17 : CIA-RDP78B05171A000800060047-5
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h. Manufacture objective mounts, -boring to fit the lens
elenments, ecte. (4.6.2),
i, - Assemble and align the Advanced Stereo Rhomboid.

Je Inspect, test evaluate and deliver one prototype

Advanced. Stereo Rﬁomboid.
k. Prepare and deliver operators reference manual.
1. Prepare and deliver monthly prégress reports.
m, - Prepare and. deliver a‘final report,

5.2 Alternate B (Including Optical Redesign)

Upon receipt of authorization to spend additional time

25X1 and funds, will:

a. Pexrform the work listed in Alternate A, through Step f.

b. Perform optical redesign of the 1X, 2X and 3X objective

(4.7.0).

C. Submit.‘.a report coptaining the results of the optical
redesign 'for eyaluation. This report will be used to
determine v.ahe.ther or not to proceed with complete
remanufacture of.the objectives, or to proceed with

step g, Alternate A.

d. Manufacture optical elements according to either (4.6.1)

or (4.7.2).
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e, Perform the work listed in steps h through m. in

"Alternate A,

The proposed effort is based on an extremecly tight schedule
for ‘tﬁe purposc éf minimizing necessary costs and caiendar
time. Therefore, a delay. of more than onc week following
submission of optical design report Alternate B Item c
Before proceeding with Alternate B Ttem d will incurr

additional costs and extend delivery.
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25X1
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May 23, 1969

Atﬁention:w
Subject: Advanced Stereo Rnombold
Reference: Contract

Gentlemen:

As discussed in our meeting May 8 and May 9, there are

a number of alternate approaches to the solution of tne
problems that exist in the present prototype of the
Advanced Stereo Rhomboid. OFf the five (5) options that
were discussed, numbers 4 and 5 were to be further evalu-
ated.

Our cost proposal and statement of work is herein submitted
Tor your evaluation. A detailed discussion listing the
current problem areas and proposed solutions is veing
prepared and will be supplied by May 28. This discussion
%111l include detailed schedules and a discussion relating
"probability of success” for each option.

}

't
i

Option "A" and Option "B" correspond to #4 and 5 respectively.
In accordance with your request, Option B is split into two
separate proposals to provide the opportunity for analysis

of new design data prior to the manufacture of the new
elements.

York has effectively stopped on this program pending further

Cauthorization. In full appreciation of the Limitation of

Costs articles assocliated with this contract, |

shot ed to the costs of either option selected forx
further effort in this program. :

Ve are extremely anxious to resume work on this program. i
you ‘have any questions concerning our proposal, please con-
tact the writer directly.
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did d efforts beyond allocated funding. To date, costs
are in excess of authorized fuanding. This amount -
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STATEMINT 01F WORIK

n

Following arc statements of work for two opticas. The

nuapbers in parenthesis affter each dtem refers to the

parvagraph in the proposall |which descuoibes

the

> changes to the original prototype Advanced Stereo

Rhomboild,

Klternate A (No Optical Redesign)

Upon receipt of authorization to spend additional time

and fund sl will:

Manufacture a pair of optical switch prisms (4.1).

tedesign the main body casting to include adjustment

of the optical switch (4.2).
Redesign collimating lens assembly (4.3).

Remake and modify parts etc. to incorporate items

b and ¢ in the wain body casting.

Rebore arm to correct Rhomboid Arm axes interscction

error (4.4).

Redesign and modify the objective arms to include

mirror adjustment (&4.5).

Manufacture doublet lenscs for 1X, 2X and 3X objective

lenses (4.6.1).
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11, Manufacture objective mounts, boring Lo fit the lens
clements,ote, (4.6.7).
L. Assenble and align the -Advanced Sterco Rhomboid,
. Tnspect, test evaluate and deliver one prototype
;|
Advanced Sterco Rhomboid.
ke Prepare and deliver operators rcference manual,
. 1. Prepare and delivex monthly progress reports.
]
!
jn Prepare and deliver a final report.
5.2 Alternate B (Including Optical Redesign)

Upon receipt of authorization to spend additional time

25X1 and funds, | i 13

ao,

d.

Perform the work Jlisted in Alternate A.

Perform optical redesign of the 1X, 2X and 3% objectives

(4,7.1).

Submit a report containing the results of the optical

redesign for evaluation.

"Manufacture optical elements (4,7.2) and mechanical

parts (4.6.2) to incorporate redesign of objectives

into the instrument.
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